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(57) ABSTRACT 

The present invention relates to a photodiode of an image 
Sensor. Particularly, the photodiode is formed on a Substrate 
So that an occupying area of a unit pixel of the image Sensor 
is reduced. To achieve this effect, there is provided an image 
Sensor comprising a photodiode receiving light, a floating 
diffusion area receiving photo-charges generated in the 
photodiode, a transfer transistor transferring the photo 
charges from the photodiode to the floating diffusion area, a 
reset transistor controlling a Voltage of the floating diffusion 
area, a drive transistor driven by the photodiode and Sup 
plying a Source Voltage and Select transistor for addressing, 
the photodiode including: a first conductive layer formed on 
a Semiconductor Substrate and connected to an impurity area 
in the Semiconductor Substrate, wherein the Semiconductor 
Substrate has a first conductive type, the first conductive 
layer and the impurity area have a second conductive type; 
and a Second conductive layer formed on the first conductive 
layer, wherein the Second conductive layer has the first 
conductive type. 

11 Claims, 5 Drawing Sheets 
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IMAGE SENSOR HAVING PHOTODODE ON 
SUBSTRATE 

This nonprovisional application claims priority under 35 
U.S.C. S 119(a) on Patent Application No. 2002-2704 filed in 
KOREA on Jan. 11, 2002, which is herein incorporated by 
reference. 

1. Field of the Invention 
The present invention relates to a photodiode of an image 

Sensor; and, more particularly, to a photodiode of an image 
Sensor of which unit pixel area is decreased by forming the 
photodiode on a Semiconductor Substrate. 

2. Description of Related Arts 
Generally, an image Sensor is a Semiconductor device 

that converts an optical image into an electric Signal. Among 
the image Sensors, a charge coupled device (CCD) is a 
device wherein each metal-oxide-silicon (hereinafter 
referred as to MOS) capacitor is closely located and charges 
are stored into the MOS capacitor and transferred. A comple 
mentary metal oxide Semiconductor (hereinafter referred as 
to CMOS) image sensor employs CMOS technology that 
uses a control circuit and a Signal processing circuit as 
peripheral circuits and adopts a Switching mode that detects 
outputs sequentially. MOS transistors formed in the periph 
eral circuit as the same number of pixels. 

There are several problems in using the CCD due to its 
complex driving mode, high power dissipation, a complex 
proceSS having lots of StepS for a mask proceSS and a 
difficulty in one chip realization Since the Signal processing 
circuit cannot be constructed on a CCD chip. Therefore, 
there has been actively researched on the CMOS image 
sensor that uses sub-micron CMOS technology to overcome 
the above problems. The CMOS image sensor obtains an 
image by forming a photodiode and a MOS transistor within 
a unit pixel and then detecting Signals Sequentially through 
a Switching mode. The use of the CMOS technology results 
in less-power dissipation and an enabled one chip proceSS 
for the Signal processing circuit. Also, compared with the 
CCD process that requires approximately 30 to 40 masks, 
the CMOS image sensor implemented with the CMOS 
technology needs approximately 20 masks because of a 
Simplified process. Hence, the CMOS image Sensor is cur 
rently highlighted as a next generation image Sensor. 

FIG. 1A is a circuit diagram showing a unit pixel of a 
conventional CMOS image Sensor including a photodiode 
and four transistors in a unit pixel. Particularly, the unit pixel 
includes one photodiode (hereinafter referred as to PD) and 
four negative-channel-metal-oxide semiconductor (NMOS) 
transistors. The NMOS transistors includes a transfer tran 
sistor Tx for transferring charges collected at the PD to a 
floating diffusion area (hereinafter referred as to FD), a reset 
transistor RX for resetting the FD by setting an electric 
potential of the FD to a desired value and discharging 
charges, a drive transistor DX that enacts as a Source follower 
buffer amplifier and a Select transistor SX for providing an 
addressing function. Also, there exists a load transistor 
outside of the unit pixel for reading an output signal. 

FIG. 1B is a circuit diagram showing a unit pixel of an 
image Sensor including one PD and three transistors in a unit 
pixel. These three transistors are identical transistors of the 
unit pixel excluding the Tx and the FD. 

In other words, the unit pixel has a structure wherein 
optical charges generated at the PD are directly inputted to 
a gate electrode of the DX instead of inputting to the TX, and 
drives the DX. 

Also, a RX and a SX of this unit pixel have similar 
functions as of the unit pixel having four transistors. The RX 
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2 
initializes the PD in accordance with a signal inputted to the 
gate electrode, and the SX transmits an output of the DX to 
an Outer part of the unit pixel in accordance with a Switching 
Signal inputted to the gate electrode. 

The PD in the conventional image sensor having the 
above circuit Structure occupies large areas Since it is formed 
on an active area of a Semiconductor Substrate. Also, Since 
transistors Such as TX, RX, DX and SX are also formed on the 
active area, the area that can be used for the PD is actually 
less than a half of the total unit pixel area. Therefore, the 
conventional image Sensor has a disadvantage of a decreased 
fill factor, which is a ratio of an optical Sensing part occupied 
within the unit pixel. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an image Sensor improved on a fill-factor by modi 
fying a process for forming a photodiode. 

In accordance with an aspect of the present invention, 
there is provided an image Sensor comprising a photodiode 
receiving light, a floating diffusion area receiving photo 
charges generated in the photodiode, a transfer transistor 
transferring the photo-charges from the photodiode to the 
floating diffusion area, a reset transistor controlling a Voltage 
of the floating diffusion area, a drive transistor driven by the 
photodiode and Supplying a Source Voltage and Select tran 
Sistor for addressing, the photodiode including: a first con 
ductive layer formed on a Semiconductor Substrate and 
connected to an impurity area in the Semiconductor 
Substrate, wherein the Semiconductor Substrate has a first 
conductive type, the first conductive layer and the impurity 
area have a Second conductive type, and a Second conduc 
tive layer formed on the first conductive layer, wherein the 
Second conductive layer has the first conductive type. 

In accordance with another aspect of the present 
invention, there is provided an image Sensor comprising a 
photodiode receiving light, a floating diffusion area receiv 
ing photo-charges generated in the photodiode, a transfer 
transistor transferring the photo-charges from the photo 
diode to the floating diffusion area, a reset transistor con 
trolling a voltage of the floating diffusion area, a drive 
transistor driven by the photodiode and Supplying a Source 
Voltage and Select transistor for addressing, the image Sensor 
further comprising: a Semiconductor Substrate, wherein the 
Semiconductor Substrate has a first conductive type, a gate 
electrode of the driver transistor on the Semiconductor 
Substrate; and a photodiode including a first conductive layer 
connected to the gate electrode of the driver transistor and a 
Second conducive layer on the first conductive layer, 
wherein the first conductive layer has a Second conductive 
type and the Second conductive layer has the first conductive 
type. 
The present invention employs a technology used for 

forming a capacitor in a dynamic random access memory 
(DRAM) device so that a fill-factor is enhanced by forming 
a photodiode at an upper Side of a transistor. 

In a conventional unit pixel of an image Sensor, a photo 
diode is typically formed on an active area and Stores optical 
charges into a depletion layer to generate an image. 
However, the photodiode has a limitation in decreasing an 
area in contrary to other components of which size can be 
decreased due to technological advancement related to pro 
cesses. The reason for this limitation is because of a wave 
length of light and an interference occurring between pho 
todiodes nearly located. 

In the present invention, dynamic random access memory 
(DRAM) process technology is used to increase a fill-factor 
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by constructing the photodiode as in an antenna form as to 
generate an optical charge after receiving an incident light 
from upper Sides of a transistor, and forming other transis 
tors or elements on an active area. 

BRIEF DESCRIPTION OF THE DRAWING(S) 
The above and other objects and features of the present 

invention will become apparent from the following descrip 
tion of the preferred embodiments given in conjunction with 
the accompanying drawings, in which: 

FIGS. 1A and 1B are circuit diagrams showing a unit 
pixel of a conventional image Sensor; 

FIG. 2 is a cross-sectional view depicting a unit pixel 
including four transistors in accordance with a first embodi 
ment of the present invention; 

FIGS. 3A to 3E are cross-sectional views illustrating a 
process for fabricating the unit pixel shown in FIG. 2; 

FIG. 4 is a croSS-Sectional view showing a unit pixel 
including three transistors in accordance with a Second 
embodiment of the present invention; and 

FIGS. 5A to 5E are cross-sectional views illustrating a 
process for fabricating the unit pixel shown in FIG. 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 2 is a croSS-Sectional view depicting a unit pixel of 
an image Sensor including four negative-channel-metal 
oxide semiconductor (NMOS) transistors in accordance 
with a first embodiment of the present invention. FIGS. 3A 
to 3E are cross-sectional views illustrating a process for 
forming the unit pixel shown in FIG. 2. 

Referring to FIG. 2, the unit pixel of the image sensor in 
accordance with a first embodiment of the present invention 
includes a p-type Substrate 1, a field insulating layer 2 
formed on the p-type Substrate 1, gate electrodes formed on 
the p-type Substrate 1, n+ impurity areas corresponding to a 
floating diffusion area 4A(hereinafter referred as to FD) and 
a Source/drain area 4A of a transistor, a metal line 6, a 
contact plug 5 and a photodiode (hereinafter referred as to 
PD). 

In FIG. 2, a gate electrode 3A of a transfer transistor Tx 
and a gate electrode 3B of a drive transistor DX is shown. 
The contact plug 5 connects the each gate electrode 3A, 3B 
and the FD 4A to the metal line 6. The PD includes an n-type 
conductive layer 8 connected to the Source/drain area 4B and 
a p-type conductive layer formed on the n-type conductive 
layer 8. The n-type conductive layer 8 and the p-type 
conductive layer 8 form a pn junction. 

Although it is not illustrated in FIG. 2, the p-type con 
ductive layer 9 is connected to the Substrate 1 or a ground 
terminal. In a preferred embodiment of the present 
invention, the n-type conductive layer 8 is formed with 
polysilicon doped with an n-type dopant and the p-type 
conductive layer 9 is formed with polysilicon doped with a 
p-type dopant. 
Among plurality of electron-vacancy couples generated 

by lights incident to the photodiode consisting of the n-type 
conductive layer 8 and the p-type conductive layer 9, 
electrons are transferred to the Source/drain area 4B So to be 
used for generating an image, whereas vacancies are drained 
to the substrate 1. The n-type conductive layer 8 is highly 
expanded towards lateral Sides compared to a lower Struc 
ture formed under the PD. 

FIG. 2 does not show a reset transistor RX and a select 
transistor SX although they are included in the unit pixel of 
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4 
the image sensor. The PD in accordance with the preferred 
embodiment of the present invention as illustrated in FIG. 2 
is formed an upper Side of the metal line 6, thereby being 
able to realize a unit pixel in a Smaller area compared to a 
conventionally constructed unit pixel. The operational 
schemes of the unit pixel shown in FIG. 2, are identical to 
those of the conventional unit pixel including four metal 
oxide (MOS) transistors. 

In more details with respect to the operational Scheme, the 
Tx controls a signal of the PD. If the TX is turned off, then 
optical charges are continuously accumulated, and the accu 
mulated optical charges are transferred to the FD when the 
Tx is turned on. The RX initializes an electric potential of the 
FD. In case of turning on the RX, the FD is initialized with 
a Voltage Vdd and the initialization operation is stopped 
when the RX is turned off. 

The FD maintains a value of the voltage Vdd when the RX 
is turned on, and drives an output by inputting a change in 
electric potential to a gate electrode of the DX. Particularly, 
the electric potential changes to a decreased value due to an 
electron transferred from the PD when the TX is turned on. 

The SX determines only whether or not the output of the 
DX is transmitted to an Outer part of the unit pixel. 
The preferred embodiment of the present invention uses 

only one metal line. However, it is possible to use two or 
more metal lines and form the PD on upper sides of these 
metal lines. 

A process for forming the above-described unit pixel will 
be described with reference to FIGS. 3A to 3E. Referring to 
FIG. 3A, the field insulating layer 2 is formed on the 
Substrate 1, and the gate electrodes 3A,3B are Subsequently 
formed on the Substrate 1. A process for forming gate 
Spacers can be preformed. After forming the gate electrodes 
3A, 3B, the n+impurity areas corresponding to a FD 4A and 
a Source/drain area 4B of a transistor are formed. 

Next, an inter-layer insulating layer (not shown) is formed 
on an entire Surface of the Substrate 1 including the gate 
electrodes 3A, 3B, and then the inter-layer insulating layer 
is selectively etched to form a contact hole(not shown) that 
exposes a Surface of the Source/drain area 4A and the gate 
electrodes 3A, 3B. 
With respect to FIG. 3B, the contact plug 5 is completely 

formed by burying conductive materials within the contact 
hole. Afterwards, the metal line 6 is formed. 
With reference to FIG. 3C, an insulating layer 7 is formed 

on an entire Surface of the Substrate 1 including the metal 
line, and a hole that exposes a Surface of the Source/drain 
area 4B of the TX is formed. Especially, the hole is formed 
in a shape that its upper Side has a wider area in order to 
receive lots of incident light. 
With reference to FIG. 3D, the n-type conductive layer 8 

that are buried inside of the hole and has a wider area in its 
upper portion is deposited. The n-type conductive layer 8 
becomes an n-type area constituting the PD, and is formed 
with polysilicon doped with an n-type dopant in accordance 
with the present invention. 

Referring to FIG. 3E, the p-type conductive layer 9 is 
formed on the n-type conductive layer 8, and connected to 
the Substrate 1 or a ground terminal. 
When an incident light is inputted to the PD having the 

above Structure, an electron-vacancy couple is generated in 
a depletion layer formed at the pn junction area. Then, the 
vacancy is drained to the ground terminal or the Substrate 1, 
and the electron is transferred to the Source area 4 of the TX 
So as to be used for generating an image. 
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FIG. 4 is a cross-sectional view showing a unit pixel of an 
image sensor including three NMOS transistors in a unit cell 
in accordance with a Second embodiment of the present 
invention. FIGS. 5A to 5E are cross-sectional views illus 
trating a process for forming the unit pixel shown in FIG. 4. 

Referring to FIG. 4, the unit pixel of the image Sensor in 
accordance with the present invention includes a p-type 
Substrate 11, a field insulating layer 12 formed on the p-type 
substrate 11, gate electrodes 13A, 13B are formed on the 
p-type Substrate 11, an n+ impurity areas corresponding to a 
Source/drain areas 14A, 14B of transistors, a metal line 16, 
a contact plug 15 for connecting the gate electrode 13 and 
the n+ impurity area 14 to the metal line 16, a PD including 
an n-type conductive material 18 being directly connected to 
gate electrode 13 and a p-type conductive material 19 for 
forming a pn junction by being connected to the n-type 
conductive material 18. In FIG. 4, reference numeral 13A 
denotes a gate electrode of the Select transistor and reference 
numeral 13B denotes a gate electrode of the drive transistor. 
In FIG. 4, reference numeral 14A denotes a source/drain of 
gate electrode of the Select transistor and reference numeral 
14B denotes a Source/drain of the driver transistor. 

Although it is not illustrated in FIG. 4, the p-type con 
ductive layer 19 is connected to the substrate 11 or a ground 
terminal. In a preferred embodiment of the present 
invention, the n-type conductive layer 18 is formed with 
polysilicon doped with an n-type dopant, and the p-type 
conductive layer 19 is formed With polysilicon doped with 
a p-type dopant. The n-type conductive layer 18 and the 
p-type conductive layer 19 form a photodiode. 
Among plurality of electron-vacancy couples generated 

by lights incident to the photodiode consisting of the n-type 
conductive layer 18 and the p-type conductive layer 19, 
electrons are transferred to the gate electrode 13B of the 
driver transistor So to drive the DX for generating an image, 
whereas vacancies are drained to the Substrate 11 or the 
ground terminal. The n-type conductive layer 18 has an 
upper part that is highly expanded towards lateral sides 
compared to a lower part. 

FIG. 4 does not show a reset transistor RX although it is 
included in the unit pixel of the image Sensor in accordance 
with the present invention. The operational Schemes of the 
unit pixel shown in FIG. 4, are identical to those of the 
conventional unit pixel including three metal oxide transis 
tors (MOS). 
A proceSS for forming a unit pixel having the above 

Structure will be described with reference to FIGS 5A to 5E. 
Referring to FIG. 5A, the field insulating layer 12 is formed 
on the Substrate 11, and the gate electrodes 13A, 13B are 
formed on the Substrate 11. A length of the gate electrode 
13B of the DX is longer than those of other transistors since 
the gate electrode 13B of the DX is directly connected to the 
PD. 
A process for forming a gate Spacer can be preformed. 

After forming the gate electrodes 13A,13B, the n+ impurity 
areas corresponding to the Source/drain areas 14A, 14B are 
formed. 

Next, an inter-layer insulating layer (not shown) is formed 
on an entire Surface of the Substrate 11 including the gate 
electrodes 13A, 13B, and then the inter-layer insulating 
layer is selectively etched to form a contact hole(not shown) 
that exposes a Surface of the Source/drain area 14B and the 
gate electrodes 13A, 13.B. 

Referring to FIG. 5B, the contact plug 15 for connecting 
the gate electrodes 13, 13B and the source/drain area 14B to 
the metal line 16 is formed within the contact hole. 
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6 
With reference to FIG. 5C, an insulating layer 17 is 

formed on an entire Surface of the Substrate 11 including the 
metal line 16, and a hole that exposes a Surface of the gate 
electrode 13B of the DX is formed. Especially, the hole is 
formed in a shape that its upper portion has a wider area So 
as to receive lots of incident lights. 
With reference to FIG. 5D, the n-type conductive layer 18 

that has a wide area in an upper Side and is buried inside of 
the hole is deposited. The n-type conductive layer 18 
becomes an n-type area constituting the PD, and is formed 
with polysilicon doped with an n-type dopant in the present 
invention. 

Referring to FIG. 5E, the p-type conductive material 19 is 
formed on the n-type conductive material 18, and connected 
to the Substrate 11 or a ground terminal. 
When an incident light is inputted to the PD having the 

above Structure, an electron-vacancy couple is generated in 
a depletion layer formed at the pn junction area. Then, the 
vacancy is transferred to the ground terminal or the Substrate 
11, and the electron is directly transferred to the gate 
electrode 13B of the DX so as to drive the DX for generating 
an image. 
By following the preferred embodiment of the present 

invention, it is possible to reduce an occupying area of a unit 
pixel and also increase a fill-factor of an image Sensor. 
While the present invention has been described with 

respect to certain preferred embodiments, it will be apparent 
to those skilled in the art that various changes and modifi 
cations may be made without departing from the Scope of the 
invention as defined in the following claims. 
What is claimed is: 
1. An image Sensor comprising a photodiode receiving 

light, a floating diffusion area receiving photo-charges gen 
erated in the photodiode, a transfer transistor transferring the 
photo-charges from the photodiode to the floating diffusion 
area, a reset transistor controlling a Voltage of the floating 
diffusion area, a drive transistor driven by the photodiode 
and Supplying a Source Voltage and Select transistor for 
addressing, the photodiode including: 

a first conductive layer formed on a Semiconductor Sub 
Strate and connected to an impurity area in the Semi 
conductor Substrate, wherein the Semiconductor Sub 
Strate has a first conductive type, the first conductive 
layer and the impurity area have a Second conductive 
type, and 

a Second conductive layer formed on the first conductive 
layer, wherein the Second conductive layer has the first 
conductive type. 

2. The image Sensor as recited in claim 1, wherein the 
floating diffusion area is under a Surface of the Semiconduc 
tor Substrate. 

3. The image Sensor as recited in claim 2, further com 
prising: 

a gate electrode of the transfer transistor on the Substrate 
between the impurity area and the floating diffusion 
area; and 

a gate electrode of the driver transistor formed on the 
Substrate and connected to the floating diffusion area. 

4. The image Sensor as recited in claim 3, an intercon 
nection line connecting the gate electrode of the driver 
transistor and the floating diffusion area. 

5. The image Sensor as recited in claim 4, wherein the 
photodiode is formed in a region higher than the intercon 
nection line. 

6. The image Sensor as recited in claim 1, wherein area of 
the first conductive layer is increased bottom to top. 
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7. An image Sensor comprising a photodiode receiving ductive type and the Second conductive layer has the 
light, a floating diffusion area receiving photo-charges gen- first conductive type. 
erated in the photodiode, a transfer transistor transferring the 8. The image sensor as recited in claim 7, wherein the 
photo-charges from the photodiode to the floating diffusion floating diffusion area is under a Surface of the Semiconduc 
area, a reset transistor controlling a Voltage of the floating 5 tor substrate. 
diffusion area, a drive transistor driven by the photodiode 9. The image sensor as recited in claim 8, further com 
and Supplying a Source Voltage and Select transistor for prising: 
addressing, the image Sensor further comprising: an interconnection line Supplying the Source Voltage to the 

a Semiconductor Substrate, wherein the Semiconductor gate electrode of the driver transistor. 
Substrate has a first conductive type; 1O 10. The image sensor as recited in claim 9, wherein the 

a gate electrode of the driver transistor on the Semicon- photodiode is formed in a region higher than the intercon 
ductor Substrate; and nection line. 

a photodiode including a first conductive layer connected 11. The image Sensor as recited in claim 7, wherein area 
to the gate electrode of the driver transistor and a 
Second conducive layer on the first conductive layer, 
wherein the first conductive layer has a Second con- k . . . . 

15 of the first conductive layer is increased bottom to top. 
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